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The  Ni/a-Si  Schottky  Barrier  Solar  Cell 
Sun  Zhonglin,  Xiong  Shaozhen,  Wang  Zongpan,  and  Wenyuau 

(Nankai  University) 


INTRODUCTION 

In  the  three  basic  types  of  non-crystalline  Silicon  cells, 
the  development  of  the  M/a-Si  Schottky  Barrier  structure  was  the 
earliest.  For  a  while,  it  was  the  leader.  However,  because  of 
the  limitation  imposed  on  the  open  circuit  voltage  by  the  work 
function  of  the  metal,  as  well  as  the  presence  of  a  stability 
problem,  it  does  not  have  sufficient  competitive  power. 

Specifically  in  reference  to  problems,  a  wide  range  of  studies 
have  already  begun . 

We  found  that  the  instability  mainly  comes  from  the 
deterioration  of  the  M/a-Si  Schottky  structure.  This  deterioration 
process  not  only  is  affected  by  the  external  environment,  but 
also  is  caused  by  a  solid-solid  reaction  at  the  interface.  Hence, 
this  deterioration  is  closely  related  to  the  metal.  We  chose 
Ni  metal  as  the  Schottky  barrier  metal  not  only  because  of  its 
low  cost,  but  also  for  its  stability.  Experimental  results 
showed  that  a  Ni/a-Si  Schottky  battery  cell  without  any  protection 
was  not  found  to  have  any  obvious  deterioration  after  being  stored  in 
the  atmospheric  environment  for  20  months  statically.  The 
dynamic  test  for  several  months  also  yielded  satisfactory  results. 

In  addition,  corresponding  analysis  and  exploration  was  also 
carried  out  with  respect  to  enlarging  the  cell  area  and  to 
practical  applications. 

EXPERIMENTAL  RESULTS 

1.  Structure  and  Fabrication  of  the  Cell 

Figure  1  is  the  schematic  diagram  of  the  structure  of  a 
Schottky  barrier  Ni/a-Si  cell,  in  which  the  requirement  of  the 
surface  is  cleanliness  of  the  stainless  steel  substrate;  it  is 
relatively  high.  The  thickness  of  the  n''’-a-Si  layer  deposited 
on  the  substrate  by  the  glow  discharge  of  SiH^  +  PH^  (2%)  is 
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about  300X.  The  resistivity  p  ==  10^  flcm  and  E  -E-  0.2eV.  The 

o  C  f 

undoped  a-Si  layer  thickness  is  about  5000A.  Furthermore,  the 
growth  condition  was  controlled  so  that  p  =  10^-10^®  flam,  y  = 
®p/®d  “  these  ranges,  cells  can  be  fabricated.  The 

transmissivity  of  the  vapor  deposited  metallic  Ni  layer,  which 
was  done  through  heated  tungsten  wire  and  masking,  is  approxi¬ 
mately  30%.  The  surface  resistivity  is  around  AOQ/q. 
Subsequently,  the  fabrication  of  the  Ni/Al  grid  was  completed. 
Finally,  vacuum  deposition  was  used  to  prepare  anti-reflecting 
film  of  SiO  (n  values  close  to  1.9)  at  around  800S. 


Figure  1.  Schematic  Diagram  of  the  Structure  of  a  Ni/a-Si  Cell. 


2.  Parameters  and  Characteristics  of  the  Cell. 

Among  the  over  one  hundred  cells  already  fabricated 
2 

(S  =  1.3cm  ),  the  conversion  efficiency  of  more  than  half  of 

them  exceeds  1%.  Table  1  lists  a  series  of  typical  parameters. 

The  light  source  used  in  the  experiment  is  a  Xenon  lamp. 

Furthermore,  its  intensity  was  calibrated  with  a  single  crystal 

standard  photo  cell  provided  by  Tianjing  Electrical  Power  Source 

Research  Institute.  The  light  intensity  used  in  the  calculation 

2 

of  the  conversion  efficiency  is  AMI  (100  mW/cm  ) . 


Table  1. 
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5 

n 

FF 

R  m 

<mV) 

(mA) 

(cm*) 

(Xf) 
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460 

8.2 
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X 
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0.42 

1.3 

1.42 
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440 

6.3 

0.42 

1.3 
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6 

m 

4 

400 

6 

0.48 

1.3 

0.0 

7 

5 

440 

13.2 

0.44 

2.5 

1.0 

6 

420 

32 

0.38 

8.0 

0.53 

£ 

(Table  1  -  Key  next  page) 


If 


1)  Nvimber;  2)  Pareuneters;  3)  Anti-reflective  film;  4)  Without 
5)  Without;  6)  With;  7)  With;  8)  With;  9)  Without. 

Due  to  the  fact  that  the  light  source  could  not  shine 

2 

uniformly  on  the  9.0cm  cell  at  AMI  light  intensity,  it  is 
estimated  that  the  short  circuit  current  loss  is  approximately 
30-40%.  Figure  2  is  the  photograph  of  a  real  cell,  in  which 
the  dimensions  of  a  single  cell  are  2  cm  x  4.5  cm. 

Figure  3  shows  the  characteristic  output  curve  of  a  cell  (No.  2) 


Figure  2.  Photograph  of  the  Actual  9.0  cm2  cell. 


Figure  3.  Characteristic  Output  Curve  of  a  Cell  (No.  2) . 
FF  ~  0.42,  y  ~  1.42%,  AMI,  100  mW/cm^. 
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Figure  4  is  the  spectral  responses  of  I__  and  V__  of  a  cell 

Sw  oc 

(No.  3) .  It  is  obvious  that  the  wavelength  of  the  maximum  of 
the  response  curve  is  fairly  close  to  the  maximum  value  of  the 
solar  spectrum.  The  response  curve  declines  on  the  long  wave¬ 
length  side,  which  may  be  attributed  to  the  fact  that  the 
absorption  coefficient  of  the  undoped  a-Si  material  decreases 
with  increasing  wavelength.  The  decline  on  the  shorter 
wavelength  side  of  the  peak  value  may  be  because  of  the  strong 
absorption  in  the  a-Si  surface  layer  causing  the  increase  in 
series  resistance.  This  can  be  seen  from  the  transmissivity 
curve  of  a-Si  in  Figure  5  (in  the  400o8  -  5000!S  range,  the 
variation  of  transmissivity  with  film  thickness  is  very  fast) . 

Of  course,  the  spectral  lines  in  Figure  4  correspond  to  light 
of  equal  energy.  Therefore,  with  decreasing  wavelength,  the 
number  of  photons  will  also  decrease.  This  should  also  have 
an  effect  on  the  decline  of  the  spectral  lines.  We  also  measured 
the  transmissivity  spectrum  of  the  metallic  Ni  thin  film  (the 
dotted  line  in  Figure  5) .  It  increases  slightly  with  decreasing 
wavelength.  However,  according  to  the  ion  milling  Auger  spectral 
analysis  of  the  cell,  one  knows  that  for  a  stabilized  cell,  there 
is  no  pure  Ni  layer  on  the  top  surface  of  a-Sij  instead  it  is 
replaced  by  a  silicon  compound.  Therefore,  the  light  absorption 
characteristic  here  is  also  affected  by  the  Ni  silicon  compound, 
which  may  be  completely  different  from  the  absorption  spectrum 
of  the  pure  Ni  layer.  The  measurement  was  made  by  using  a  halide 
tungsten  filament  Isunp  as  the  light  source.  It  was  performed  on 
a  WDF-1  monochromator. 

Figure  4.  The  I  and  V  Spectral  Responses  of  the  Cell  (No.  3) 

sc  oc  «M11  «l«l  MW  WWU  TWO 


1)  Arbitrary  unit  under  the 

2)  Solar  spec  trim. 


Figure  5.  Transmissivity  Curves  of  a-Si  and  Ni  Thin  Film. 


Figure  6.  Auger  Spectrum  of  Ni/a-Si 


1)  Electron  energy  (ev) . 


DISCUSSION 

1.  Stability  is  a  common  problem  of  Schottky  barrier 
non-crystalline  silicon  cells.  In  this  regard,  we  have  given 
our  special  attention.  Figure  6  gives  the  stripping  Auger 
spectra  of  the  Ni/a-Si  Schottky  junction  after  a  static  storage 
of  14  months  (atmosphere  and  room  temperature) .  One  can  envision 
that  there  was  a  layer  of  metallic  Ni  on  the  a-Si  surface  when 


the  cell  was  just  fabricated.  However,  because  there  is  a 
solid-solid  mutual  diffusion  process  between  the  Ni  layer  and 
a-Si,  the  pure  Ni  layer  will  eventually  disappear  when  it  finally 
becomes  stable.  Since  we  are  mainly  concerned  with  the  long 
term  stability  of  the  junction,  therefore  we  did  not  perform  any 
individual  study  on  the  disappearance  process  of  the  metal  film. 
From  the  variation  of  the  characteristic  peak  amplitude  with 
stripping  thickness  for  each  element  in  the  spectra,  one  can 
see  that  there  is  no  more  pure  Ni  layer  present  on  the  surface 
of  the  final  cell. 

In  the  study  of  metal  silicides  one  knows  that  only  a  few 
elements,  approximately  over  ten,  can  form  compounds  with  silicon, 
and  Ni  is  one  of  them.  Its  formation  energy  is  relatively  low. 
For  example,  the  Ni-Si  phase  can  be  formed  at  room  temperature 
(27^0 .  In  addition,  from  the  ESCA  analysis  of  the  sample,  one 
can  see  that  the  Ni  in  the  layer  has  already  shifted  toward  the 
high  energy  direction  from  its  pure  metallic  characteristic 
peak  (852.5eV}.  This  reflects  that  the  Ni  in  the  layer  no 
longer  exists  independently.  Instead,  it  may  be  present  in  the 
a-Si  network  in  the  form  of  a  certain  bond.  This  bond  limits 
the  future  diffusion  of  Ni.  Consequently,  it  is  stable.  As  for 
what  type  of  Ni  silicide  is  formed,  it  still  remains  to  be 
compared  and  verified  against  the  characteristic  spectra  of 
standard  specimens  of  Ni  silicides.  Because  the  metal  silicide 
produced  has  metallic  characteristics,  therefore,  it  is  possible 
to  treat  Ni  silicide  as  a  metal  layer.  At  this  time,  the  metal- 
semiconductor  contact  interface  is  situated  at  the  Ni  silicide 
and  a-Si  interface.  Obviously,  it  has  already  penetrated  into 
a  certain  depth  in  the  bulk.  In  addition  to  the  fact  that  Ni 
silicides  are  stable,  the  junction  surface  deeply  penetrated  in 
the  bulk  also  prevented  the  effect  of  external  environment  on 
the  junction  characteristics.  The  two  aforementioned  factors  may 
be  the  key  to  the  stability  of  solar  cells  fabricated  with  the 
Ni/a-Si  Schottky  barrier. 

In  order  to  observe  the  stability  under  the  working 
condition  of  the  cell,  i.e.  the  photo-deterioration  effect  of  the 
a-Si  material  and  the  electrical  shift  effect  of  the  barrier 
metal,  we  placed  the  cells  in  the  atmospheric  environment  to 
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measure  the  variation  of  the  output  characteristics  with 
irradiation  time  under  a  relatively  large  current  output 
condition  (5  mA/cm  )  with  indoor  svtnlight.  To  date,  records 
have  been  kept  for  over  half  a  year.  No  deterioration  has  been 
found  yet. 

2.  Using  SiO  as  an  anti-flection  film  has  some  problems 
for  a  Ni/a-Si  Schottky  barrier  solar  cell.  First,  SiO  can 
easily  peel  off  from  the  Ni  layer  (under  similar  environments, 
light  irradiation  can  alleviate,  or  even  avoid  such  effect) . 

In  addition,  in  the  SiO  vapor  coating  process,  the  cells  can  be 
easily  damaged.  The  reason  is  still  not  clear  at  the  present 
moment . 

3.  As  far  as  the  Ni/a-Si  cells  we  have  fabricated  are 
concerned,  in  order  to  further  improve  the  efficiency,  the 
emphasis  must  be  placed  on  increasing  the  short  circuit  current 
and  the  filling  factor.  The  quality  of  the  filling  factor  is 
not  only  related  to  the  series  resistance  and  the  parallel 
current  resistance,  but  also  is  affected  by  the  quality  of  the 
diode.  We  chose  the  No.  3  cell  in  Table  1  as  a  real  example  in 
our  analysis  (its  filling  factor  is  relatively  low) .  Figure  7 
shows  the  I-V  curve  of  the  cell  in  the  dark  as  well  as  under 
light  (AMI) .  For  the  convenience  in  comparison,  the  short 
circuit  current  is  artificially  compensated  from  the  curve 
under  light  along  the  current  axis  so  that  it  coincides  with  the 
dark  curve  at  the  origin.  From  the  "light  biased"  zone  in  the 
positive  direction  of  the  curve,  we  found  the  quality  factor  n. 
When  the  effects  of  n  and  R.  on  the  characteristic  curves  are 
simultaneously  taken  into  account,  the  current-voltage  equation 
can  be  expressed  as 


/-A 


in  which  the  value  of  n  can  be  found  through  the  InJ-(V-IRg) 
curve.  V  is  the  photon  bias  plus  external  positive  bias.  The 

R*  under  light  and  the  R"_  in  the  dark  can  be  obtained  either 

s  s 


directly  or  by  extrapolation  frcxn  Figure  8.  The  measured  results 
are  **  2.0,  “light  ~  ^*0*  This  result  shows  that  the  filling 

factor  is  primarily  affected  by  the  series  resistance  in  the  light 


if  there  are  not  other  influencing  factors.  Under  the  light,  the 

(7) 

value  of  n  approaches  the  ideal  value  .  That  this  can  be  comprehended 

as  the  recombination  in  the  barrier  zone  under  light  is  not 

apparent.  The  injection  of  light  (large  injection)  may  cause 

changes  in  the  barrier  zone  gap  filling.  Consequently,  the  entire 

( 8 ) 

recombination  process  is  changed  .  Apparently,  R  will  affect 

s 

the  filling  factor  under  such  conditions. 

Further  analysis  of  the  reverse  direction  portion  of  the  I-V 
curve  found  that  despite  the  reverse, current  in  the  dark  is 
saturated,  but  it  is  still  not  saturated  at  -0.5V  in  the  light. 

If  this  is  not  caused  by  a  current  multiplying  effect  due  to 
light  injection,  then  this  phenomenon  can  be  considered  as  the 
result  of  the  expansion  of  the  barrier  zone  toward  the  residual 
neutral  zone  due  to  the  reverse  voltage.  This  point  is  also 
reflected,  to  a  certain  extent,  by  Figures  8  and  9.  The  effective 

Figure  7.  I-V  Curves  of  No.  3  Cell  in  the  Dark  and  Under  Light 
(AMI,  100  mW/cm'^)  ,  Dark  (zero). 


1)  Light;  2)  Dark. 


Figure  8.  Correlation  Between  Effective  Internal  Resistance  of 
No.  3  Cell  and  Light  Intensity. 


1)  Light  intensity  (AMI/100) . 


I-  MI(AM|/lflO) 
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internal  resistance  in  Figure  8  is  estimated  according  to  the 

value  of  when  =  ^^oc*  Obviously,  the  obtained  by  this 

estimation  method  is  realized  to  be  a  function  of  voltage. 

Figure  9  happens  to  prove  that  the  filling  curve  varies  apparently 

with  light  intensity.  The  slope  at  %V  indeed  became  smaller 

oo 

with  decreasing  light  intensity.  In  summary  of  the  above 
dicussion,  to  improve  the  filling  factor,  the  "positive  photo-bias" 
should  basically  not  affect  the  collection  of  the  photo-current. 

In  other  words,  the  retreat  in  the  field  strength  in  the  barrier 
region  should  be  sufficiently  high  so  that  the  modulation  of  the 
"positive  photo-bias"  with  respect  to  the  barrier  width  is 
reduced  to  a  minimum.  The  fact  that  it  is  not  saturated  in  the 
reverse  direction  under  the  light  may  also  be  due  to  the 
continuous  expansion  of  the  strong  field  region  (near  the  interface) 
so  that  the  correlation  between  formation  and  recombination  is 
reduced .  This  aspect  still  remains  to  be  analyzed  further. 

In  addition  to  the  aforementioned  effective  internal  resistance, 
the  external  circuit  of  the  cell  also  includes  the  following 
real  series  resistance: 

(a)  the  resistance  between  the  end  of  the  Ni/Al  grid  and 
the  point  where  voltage  is  obtained,  usually  less  than  4n. 

(b)  the  transverse  resistance  of  the  barrier  metal  film. 

Its  calculated  value  is  approximately  4!2.  However,  in  an  actual 
cell  one  must  consider  that  Ni  silicides  have  a  higher  resistance 
value  than  that  of  pure  Ni. 

(c)  the  contact  resistance  between  the  N^-a-Si  and  the 

stainless  steel  substrate  very  often  becomes  a  non-ohmic  contact 

type  due  to  the  difference  in  the  density  of  states  at  the 
(121 

interface'  .  By  introducing  a  Ti  thin  film  as  a  transition 
metal  layer,  it  is  possible  to  decrease  the  resistance  of  the 
SS/Ti/n^-a-Si  structure  to  O.in/cm^. 


Figure  9.  Relationship  Between  the  Output  Characteristics  of 

No.  3  Cell  with  Light  Intensity.  (AMI,  100  mW/cm^) . 


K,<*V) 

CONCLUSIONS 

Despite  the  fact  that  the  performance  of  the  Ni/a-Si  Schottky 
harrier  cell  reported  in  this  paper  is  not  very  high,  as  a  type 
of  low  cost  cell,  it  has  its  own  special  features: 

Ni  is  cheaper  than  those  high  work  function  metals  such  as 
Pt,  Au,  Ph.  The  Ni/a-Si  cell  is  proven  to  be  stable.  This  cell 
technology  is  simple,  and  it  is  easy  to  fabricate  large  area 
cells.  If  the  effective  internal  resistance  can  be  decreased, 
it  is  hopeful  to  have  a  short  circuit  current  greater  than 
10  mA/cm^  and  a  filling  factor  larger  than  0.5.  The  efficiency 
will  exceed  2%. 


Figure  10.  Photograph  of  the  Actual  Device. 


i 
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As  an  attempt,  under  indoor  sunlight  and  fluorescent  lights, 
we  used  this  cell  to  supply  electricity  to  electronic  clocks  and 
electronic  calculators.  It  was  capable  of  making  them  function 
normally. 
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Hetero junction  Sn02/n-Si  Solar  Cells  /457 

Jiang  Xuesheng,  Yin  Wenli,  and  Li  Tong 
(Beijing  Solar  Energy  Research  Institute) 

The  hetero junction  SnOyh-Si  solar  cell  can  practically  be 
considered  as  a  kind  of  SIS  cell,  which  is  a  conductive  oxide 
hetero junction  solar  cell  with  a  saniconductor-insulator- 
semiconductor  structure.  It  provides  the  feasibility  of  fabricating 
solar  cells  at  low  cost.  It  avoids  high  temperature  technologies 
and  is  more  suited  for  polycrystalline  and  non-crystalline 
materials.  The  anti-reflective  characteristic  of  the  Sn02  thin 
film  is  good.  It  has  better  response  at  short  wavelengths.  The 
chemical  stability  of  the  Sn02  thin  film  is  good.  It  is  capeUsle 
of  resisting  strong  acid  solutions,  which  is  beneficial  to  the 
environmental  protection  of  the  device The  Sn02  thin  film 
can  be  fabricated  by  using  methods  such  as  vacuum  evaporation, 
sputtering,  spraying,  and  chemical  vapor  deposition.  In  this  work, 
the  most  attractive  chemical  spraying  method  was  adopted. 

I.  FABRICATION  OF  THE  SOLAR  CELL 

The  material  used  to  fabricate  the  cell  is  single  crystal 

n(lOO)  silicon  slice.  Its  resistivity  is  0.5  -  3  ohm  •  cm. 

After  chemical  cleaning,  the  silicon  wafer  was  placed  in  an  oven 

(oven  temperature  350°C-400°C) .  It  was  baked  for  20-40  minutes. 

Afterwards,  a  mixture  of  tin  tetrachloride  and  alcohol  or  ethyl 

acetate  was  sprayed  on  the  silicon  wafer  in  a  mist  form.  After 

2-4  minutes,  a  "dark  blue"  Sn02  thin  film  was  formed,  and  its 

thickness  is  about  700-1000&.  We  used  a  0.77M  tin  tetrachloride 

(2) 

solution  in  ethyl  acetate  as  the  spraying  mixture  .  The  spraying 
gas  source  is  high  purity  nitrogen.  Its  chemical  reaction  is: 

SnCl^  +  2H2O  -*•  Sn02  +  4HC1+ 

Then,  400-100o£  of  titanivim  and  l-2u  of  silver  were  vacuum 
deposited  as  the  back  contact  metal.  A  metallic  covering  mask 
was  used  in  the  vacuum  deposition  of  400-1000^  of  titanium  and 
2-3vi  of  silver  as  the  electrode  grid  on  the  joint.  The  structure 
of  the  solar  cell  is  shown  in  Figure  1. 
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Figure  1.  The  Cell  Structure. 


1)  Top  electrode;  2)  Bottom  electrode;  3)  Si  (thickness  300y) . 

II.  PHOTOELECTRIC  CHARACTERISTICS  OF  THE  SOLAR  CELL 
1.  The  Volt- Ampere  Characteristic 

The  fabricated  SnO./n-Si  solar  cell  was  illuminated 

^  2 
under  a  iodine  tungsten  lamp  at  a  light  intensity  of  100  mW/cm  . 

The  volt-ampere  characteristic  curve  as  recorded  by  an  x-y 

recorder  is  shown  in  Figure  2.  The  power  conversion  efficiency 

n  =  6.5%.  The  open  circuit  voltage  =  0.51V.  The  short 

circuit  current  density  J  =  24.5  mA/cm^.  The  filling  factor 

FF  =  0.52.  The  area  of  the  cell  is  10  cm^.  After  subtracting 

the  area  of  the  grids,  the  cell  efficiency  is  7.2%. 

Figure  2.  The  I-V  Characteristic  Curve  of  the  Cell. 


F(V) 


2.  The  Optical  Characteristics  of  the  Sn02  Thin  Film. 

The  geometric  thickness  of  the  Sn02  thin  film  was  measured 
to  be  78oS  by  using  an  elliptical  polarizer.  Its  index  of 
refraction  is  =  2.  The  index  of  refraction  for  silicon,  however, 
is  s  3.85.  According  to  the  matching  condition  of  minimiun  /458 

refractive  index  in  optics,  the  Sn02  thin  film  obtained  by  our 
spraying  has  good  anti-reflective  characteristics.  A  bromine 
tungsten  lamp  flooding  reflection  integral  sphere  method  was  used 
to  measure  that  the  average  reflectivity  of  a  silicon  wafer  without 
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the  sprayed  Sn02  thin  film  was  43%  in  the  entire  spectral  range.  After 
being  sprayed  with  a  Sn02  thin  film,  the  average  reflectivity 
was  21%. 

3.  The  Spectral  Response 

A  piece  of  spectrally  standardized  n/p  type  silicon 
solar  cell  was  selected  as  the  reference.  A  comparison  method 
was  used  to  measure  the  relative  spectral  response  of  the  Sn02/n-Si 
solar  cell.  The  schematic  diagreun  of  the  measurement  is  shown 
in  Figure  3.  10  pieces  of  filters  with  different  wavelengths 

were  used  to  measure  the  spectral  current  jj^(X)  of  the  n/p  type 
silicon  cell  and  the  spectral  current  j2(X)  of  the  Sn02/n-Si  cell. 

Let  us  assume  that  the  spectral  response  of  the  n/p  type  silicon 
cell  is  Q^^iX) ,  then  the  spectral  response  Q2(X)  for  the 
Sn02/n-Si  cell  to  be  measured  is 

The  spectral  response  curves  are  shown  in  Figure  4.  Although  our 
measuring  apparatus  is  relatively  simple,  the  quality  of  the 
filters  is  also  poor,  and  the  error  of  measurement  is  relatively 
large,  yet  we  can  see  from  the  spectral  response  curves  that  the 
spectral  response  of  the  Sn02/h-Si  solar  cell  fabricated  by  us  is 
more  or  less  the  same  as  that  of  the  n/p  type  silicon  solar  cell. 

The  short  wavelength  response  was  slightly  improved. 

Figure  3.  Schematic  Diagram  of  the  Spectral  Response  Movement. 


1)  Cell;  2)  Filter. 


Figure  4. 


Comparison  of  the  Spectral  Response  Curves  of  a 
Sn02/n-Si  Cell  and  a  n/p  Type  Silicon  Cell. 


4.  e«<-> 


1)  n/p  type  silicon  cell;  2)  Sn02/n-Si  cell;  3)  Relative  spectral 
response;  4)  Wavelength  (nm) . 


III.  DISCUSSION 

The  filling  factor  of  the  Sn02/n-Si  solar  cell  we 
fabricated  is  relatively  low,  FF  =  0.52,  and  this  is  the  major 
problem  affecting  the  power  output  of  the  solar  cell.  It  was 
caused  by  excessive  series  resistance  and  junction  current. 

(3) 

Because  the  range  of  work  function  of  Sn02  varies  greatly  ,  its 
corresponding  barrier  light  also  varies  largely.  Therefore,  in 
order  to  improve  the  p-n  junction  characteristics  of  the  cell 
and  to  reduce  the  thin  layer  resistance  of  the  Sn02  film,  as  long 
as  the  spraying  technique  to  form  the  junction  is  controlled  and 
the  contact  resistance  on  both  sides  of  the  cell  is  improved, 
the  output  power  will  be  greatly  increased. 

The  theoretical  value  of  the  open  circuit  voltage  of  the 
Sn02/n-Si  solar  cell  we  fabricated  is  approximately  0.6V.  However 
the  actual  measured  open  circuit  voltage  is  0.51V.  Therefore 

it  is  slightly  lower.  Usually,  before  forming  a  Sn02.thin  film 
by  spraying,  a  thin  insulating  layer  of  Si02  is  formed  on  the 
silicon  surface  by  heating.  Its  purposes  are  to  improve  the 
diode  quality  factor  and  to  reduce  the  saturated  dark  current  to 

(4] 

consequently  increase  the  open  circuit  voltage  of  the  solar  cell 
Because  the  thickness  of  the  Si02  insulating  layer  strongly 
affects  the  open  circuit  current  and  the  short  circuit  current, 
if  the  Si02  thickness  can  be  controlled  to  the  optimum  (usually  it 
is  10-3oS) ,  then  the  photovoltaic  characteristics  of  the  Sn02/n-Si 
solar  cell  will  definitely  be  improved  to  a  certain  extent. 
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